Rapid and accurate diagnosis of bacterial infections is one of the aims of clinical microbiology. This is especially true in bacterial meningitis, when delay in proper treatment can be harmful or even fatal. Because the currently used techniques such as Gram stain, culture, and counterimmunoelectrophoresis (immunoelectroosmophoresis) have serious limitations, the search for more specific, sensitive, and rapid diagnostic methods continues.
We previously evaluated cerebrospinal fluid (CSF) lactate as a rapid test to establish the diagnosis of bacterial meningitis (7) . In that study we found CSF lactate to have a sensitivity of 100% in untreated bacterial meningitis. Sensitivity in partially treated meningitis was poor; only two of seven (28%) patients had positive tests. An additional problem with CSF lactate was its lack of specificity. It was elevated in any central nervous system (CNS) condition in which there was ischemia or infarction.
Recently, numerous reports have suggested that levels of C-reactive protein (CRP) in CSF and serum may be useful as a rapid test for bacterial meningitis. The majority of studies on CSF CRP in meningitis have been in infants and young children for whom the major differential diagnosis is aseptic versus bacterial meningitis (2, 4-6, 8, 10, 13) . There are almost no studies in adults and only one which studies groups of patients with a variety of CNS lesions (1) .
In this study, we evaluated the diagnostic utility of CSF CRP and CSF lactate on 562 consecutive CSF samples obtained in a large general hospital from patients with a variety of neurological problems. We Table 3 . The calculations in Table 3 compared group 3 patients, those with bacterial or mycotic meningitis or bacterial brain abscess, with the total population studied.
Comparison of laser nephelometry and latex tests for CSF CRP. The 50 CSF samples which had CRP determined by both the nephelometric and latex methodologies gave identical results.
DISCUSSION
The levels of lactate and CRP in CSF were determined for 562 specimens from patients with a variety of diagnoses to assess the sensitivity and specificity of these tests alone or in combination with CSF leukocyte and protein concentration for the diagnosis of bacterial and mycotic meningitis. We have previously determined that CSF lactate is a sensitive diagnostic test for patients with untreated bacterial or mycotic meningitis (7). Unfortunately, CSF lactate levels above 3.0 mmol/liter are found in a large variety of other conditions with cerebral anoxia or infarction. More recently, CRP has been reported to be a useful test for diagnosing children with bacterial meningitis (4). Since the great majority of these studies were limited to infants less than 2 years old and control groups included only infants with the diagnosis of aseptic meningitis, we felt it worthwhile to extend these studies to a more general adult hospital population.
In this study, CSF lactate again was shown to be a sensitive indicator of untreated bacterial meningitis. All patients with untreated bacterial meningitis had elevated levels of lactate in CSF. Lactate was elevated in patients with meningitis caused by both gram-positive and gramnegative cocci and bacilli. However, two patients with partially treated meningitis had negative CSF lactate levels. Patients with mycotic meningitis were not universally positive in this series. Of nine patients, five had positive lactate levels; four were negative. Also as expected, patients with brain abscesses were lactate positive. While CSF lactate distinguished bacterial from aseptic meningitis in all cases, CSF lactate was positive in patients who had CNS ischemic processes and tumors. Lactate was also positive in a significant number of patients with chronic CNS diseases. Thus, lactate must be interpreted in the light of clinical findings and other parameters and cannot be used as the sole determinant in assessing whether a patient has meningitis. Although the sensitivity of the lactate determination varied from 86 to 90%, because of a high number of false-positives, an elevated result had a PV of only 19%. Even in the patient population preselected with an elevated CSF leukocyte count and protein, a positive lactate result had a PV of only 23%. However, the PV of a negative determination was greater than 97% in meningitis patients.
CRP is a protein synthesized by hepatocytes, which is one of the acute-phase reactants. CRP is normally present in very low quantities in the blood. An elevation in serum CRP is a sensitive indicator of inflammation and necrosis (12) . Within a few hours after the onset of illness, CRP synthesis increases (14) . It is increased in an extremely broad range of disorders, including trauma, infections, infarctions, neoplasms, and collagen-vascular disorders (15) . Additionally, in meningitis, CSF CRP has been reported to be elevated (4, 6) . Since many of the patients in our hospital have complex medical problems which would elevate serum CRP, we chose to evaluate CSF CRP. The sensitivity of CSF CRP was only 29% in this series of patients. This gave a PV of only 48%. Even in patients preselected with elevated CSF leukocyte counts and elevated CSF protein, the sensitivity of a positive CSF CRP was only 35%, with a positive test having a PV of only 44%. The PV of a negative test was 94%.
In our study, high sensitivity was found when the CSF lactate test was positive (86%). On the other hand, CSF protein and leukocyte levels were increased in only 48% of meningitis patients. As diagnostic test panels for bacterial or mycotic meningitis, the addition of an elevated CSF lactate to elevated CSF leukocyte counts increased the sensitivity of the panel from 48% to 90%. Conversely, the CRP determination did nothing to enhance the sensitivity in detecting meningitis (Table 3) .
In our study, the specificity of lactate and CRP levels in series was 96% (Table 3 ). This might appear at first glance to suggest a reliable pair of tests to confirm meningitis in the study group. However, inasmuch as the prevalence of meningitis in our group was only 7%, the positive PV was not as good as the flip of a coin in confirming this disease state (48 versus 50%). It is apparent that the more definitive one can make a study group, from clinical observation and examination, the greater the utility of laboratory procedures to distinguish among patients with and without the disease. In only one instance was the use of CRP, lactate, or both levels of greater benefit than chance alone in predicting the diseased state. The positive PV with the lactate and CRP procedures, in series, in the patient subpopulation that was clinically suspect of meningitis and who had an elevated leukocyte and protein concentration, was 58% (Table 3) . That was the highest positive PV obtained in this study. However, because of the low prevalence of meningitis in the suspect group and the nonspecificity of the tests, a falsepositive interpretation was obtained almost 42% of the time.
The utility of CSF CRP for the rapid diagnosis of bacterial meningitis is controversial. In some studies, CSF CRP has been reported to have high sensitivity and specificity (1, 8) , whereas in other series, as in our study, the utility of the test has been questioned (2). The reason for these different results is not entirely clear. Test methodologies were either comparable or identical in the various studies. There are, however, significant differences in the study populations. Also the prevalence of meningitis in the study group and the composition of the control group have a great effect on the apparent sensitivity, specificity, and PV of a test. In addition, previous studies have largely been limited to pediatric or neonatal populations (1) . However, even in these young patients there is not complete agreement that the test has good sensitivity and specificity (2, 11; J. N. Walterspiel, Letter, Pediatr. Infect. Dis. 2:174, 1983 ). On the other hand, CSF lactate has shown to be an excellent test to separate septic from aseptic meningitis (3, 7) .
In conclusion, neither CSF CRP nor lactate alone, together, or grouped with other laboratory tests is useful in the rapid diagnosis of bacterial or mycotic meningitis. CSF lactate is reliable in differentiating septic from aseptic meningitis, especially in the neonate if there are no other causes of cerebral ischemia or necrosis.
